While the reliability of bulk insulation has become important particularly in multilayer or embedded printed circuit boards, electronics are to be used under various environments such as at high temperature and in high humidity. We observed space charge profiles for two typical types of epoxy composites, aramid/epoxy and glass/epoxy, which are used for printed circuit boards. The aramid/epoxy composite, which is typically used for mobile phones, consists of five-layered prepreg made of aramid nonwoven fabric papers coated with epoxy resin.
While the reliability of bulk insulation has become important particularly in multilayer or embedded printed circuit boards, electronics are to be used under various environments such as at high temperature and in high humidity. We observed space charge profiles for two typical types of epoxy composites, aramid/epoxy and glass/epoxy, which are used for printed circuit boards. The aramid/epoxy composite, which is typically used for mobile phones, consists of five-layered prepreg made of aramid nonwoven fabric papers coated with epoxy resin.
The glass/epoxy composite consists of three prepreg layers made of lattice-woven E-glass fibers soaked into epoxy vanish, and is commonly used in various industries.
The samples were soaked into water at 40 ˚C and 85 ˚C for 1 to 10 hours, and their weights were measured by a digital balance. A dc electric field of 3 kV/mm was applied to the water-immersed sample for 60 minutes and the inside space charge distribution was measured by the pulsed electroacoustic (PEA) method. Figure 1 shows the weight change as a function of the duration of water treatment. The weight of aramid/epoxy increases as an increase in treatment time at both immersion temperatures. On the other hand, the weight of the glass/epoxy shows a rather small increase only at the higher immersion temperature of 85 ˚C. Figure 2 shows electric field distribution profiles in the samples treated in water at 40 ˚C and 85 ˚C for 10 hours, and in the untreated samples. In the aramid/epoxy treated at 40 ˚C for 10 hours, the electric filed under dc voltage application is weakened in the vicinity of each electrode due to homocharge accumulation. In the aramid/epoxy treated at 85 ˚C for 10 hours, the electric field is enhanced in the vicinity of each electrode due to heterocharge formation.
On the other hand, in glass/epoxy treated at 40 ˚C for 10 hours, homocharge is slightly accumulated in the vicinity of both electrodes, and the electric field is slightly weakened in the vicinity of each electrode. In the glass/epoxy treated at 85 ˚C for 10 hours, the electric field is significantly weakened in the vicinity of each electrode and is enhanced in the middle of the sample due to abundant homocharge accumulation.
A possible mechanism of the above-mentioned space charge formation is that water accelerates ionization of constituent elements of the sample and/or impurities. In order to prove this possibility, the samples were immersed in water at 40 ˚C and 85 ˚C for 48 hours, and the water was analyzed by ion chromatography. The amount of ions from the sample immersed at 85 ˚C is much more than that from the 40 ˚C sample. This is in agreement with the results shown in The reliability of bulk insulation is particularly important in multilayered or embedded printed circuit boards (PCBs). Moreover, PCBs are mounted in quite a lot of devices, which are often used at high temperatures and in high humidity. We observed internal space charge behavior in two typical types of epoxy composites for PCBs, namely those with aramid and with glass, under dc voltage to investigate the effect of water temperature.
It was observed that the space charge profiles showed spatial oscillation with 3 or 5 iterative units in agreement with the number of composite layers in samples. In the case of the aramid/epoxy composite, homocharge is formed near the two electrodes in the sample at 40 ˚C, while hetrocharge is accumulated at 85 ˚C. The ion-chromatography analysis showed that the contents of several kinds of cations were much higher especially in the aramid/epoxy composite treated in water at 85 ˚C than in the one treated at 40 ˚C. This indicates that the water treatment enhances dissociation of ions. In the case of the glass/epoxy composite, homocharge is formed near the electrodes in the sample under dc voltage if it was treated in water at 85 ˚C. Water seems to enhance the charge accumulation in both samples.
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